Summary. The No comparable differences in development were found in cultured embryos for which the media had been supplemented with flushings from the same progestational uterine stages as used for transfer. Thymidine incorporation in cultured embryos did not differ between the various supplements (P > 0\m=.\05) and was generally lower than in chronologically aged asynchronously transferred embryos (P < 0\m=.\05for Day-3 and P < 0\m=.\001or P > 0\m=.\05for Day-4 embryos).
Introduction
Increasing attention is paid to preimplantation embryos developing under unphysiological conditions. A typical example for an unphysiological uterine milieu is that of asynchrony, i.e. in which the stage of embryo development is discrepant from that of endometrial transformation and secretion. Such conditions are created, for example, by common infertility therapies involving hormone treatment of the mother or asynchronous embryo transfer, both in the human and in livestock.
Chang (1950) , by performing asynchronous embryo transfers in the rabbit, was the first to prove the need for close synchronization of donor and recipient; transferred rabbit embryos survived only if asynchrony between embryonic and maternal development did not exceed 1 or 2 day(s). Compared with primates the demand for synchrony is extremely strict in the rabbit. The results of Chang (1950) were mainly based on the rate of implantation and survival to term. The present study was performed to investigate development of asynchronously transferred embryos before implantation. The aim of the study was to define the time interval during which embryos can survive asynchronous conditions and to characterize development under such conditions to learn more about the ability of preimplantation embryos to compensate for suboptimal developmental conditions. Additionally, development of cultured embryos was studied. The culture medium had been supplemented with flushings from the same progestational uteri as used for transfer.
Materials and Methods
Embryos, embryo transfer, in-vitro culture
The housing of the rabbits, the superovulation treatment of the donors with FSH-P (Burns Biotec, Omaha, NE, USA) and embryo recovery have been previously described in detail by Fischer & Meuser-Odenkirchen (1988) . Donors were killed 3 and 4 days after mating (p.c.) and injection of hCG (Prolan: Bayer, Leverkusen, FRG) to recover morulae and blastocysts, respectively. Only embryos of normal morphology were used for the study. Embryos from various donors were pooled and randomly divided amongst the experimental groups. Compared with the mating of the donors, the injection of hCG to the recipients (N = 18 for Day-3 morulae and = 21 for Day-4 blastocysts) was delayed by 3^4 h to compensate for the possible developmental retardation of the embryos due to the transfer manipulations. In total, 1123 embryos were used for the transfer experiments. The experimental groups chosen are illustrated in Fig. 1 . Embryos were transferred into uteri with double ligations by transmural puncture as described by Fischer (1987) . On average, 29 embryos were transferred per female (Day-3 morulae, mean = 33; Day-4 blastocysts, mean = 25). The embryos were recovered 1-3 day(s) after transfer, using the same flushing procedure as before transfer. After removal of the ligatures the embryos could be easily recovered. Exceptions were the Day-4 blastocysts transferred for 3 days which might have been already attached to the endo¬ metrium at that time. At autopsy an average of 8-3 corpora lutea of normal gross morphology were found per recipient.
Medium BSM II (Maurer, 1978) containing 01% BSA was used for flushing, examination, pooling, storage and transfer of the embryos. For in-vitro culture (Ham, 1963) was supplemented with uterine flushings acquired from non-pregnant or pseudopregnant rabbits (see Fig. 1 ). Details of culture media and culture technique were as previously given (Fischer, 1987) . The protein concentrations of the media ranged from 0-7 mg/ml at Day 0 to 4-8 mg/ml if flushings of Day-6 pseudopregnant rabbits were used (Fischer, 1988 (Jung & Fischer, 1988 (Fischer, 1987; Schumacher & Fischer, 1988 (Sachs, 1984 ( 46) 3 days p.c.: 1st day: abP < 005; "dP < 001; '"'" < 0001; 2nd day: bdP < 005; "***"? < 0001; 3rd day: AP< 0-001. 4 days p.c.: 1st day: b'P < 001; abae/> < 0001; 2nd day: abP < 0001. notably higher in asynchronously transferred embryos. Judged by the rate of recovery and percent¬ age of degeneration most embryos tolerated 2 days of asynchrony, and some even 3 days. From all groups studied the poorest results concerning recovery and degeneration were achieved after transfer into non-pregnant/non-pseudopregnant recipients and, for Day-4 blastocysts, into the less advanced Day-2 uteri.
The gross morphology before and after transfer is illustrated in Fig. 2 Fischer (1987) .
For Day-4 blastocysts specific influences of the progestational stage of the recipient were detec¬ table: at 1 day after transfer the blastocysts which had been transferred into the more advanced Day-6 uteri were clearly more expanded and had a statistically significantly increased thymidine incorporation compared with all other groups. In contrast, transfers into less advanced uteri were associated with a retardation in development (Tables 4 & 5) .
The superior conditions for development in a synchronous uterine milieu became manifest for embryos of both ages not earlier than 2 days after transfer (Tables 4 & 5) . A transfer arrangement known to be compatible with further development (Chang, 1950) was studied for 3-day-old morulae being transferred into Day-2 recipients. Judged by thymidine incorporation these embryos caught up with the synchronous ones as late as 3 days after transfer (P > 0-05; Table 5 ).
Even after 3 days in an asynchronous uterine milieu some blastocysts showed a remarkably high level of thymidine incorporation. High variations in incorporation data were found at that day (Table 5) Fig. 3 indicates a generally lower thymidine incorporation in cultured embryos, especially for the Day-3 morulae (P < 005). (Merchant, 1970; own Apart from orientation and arrangement of embryonic cells and internal structure, light microscopic examination focussed primarily on the transformation of the extracellular coverings and on the differentiation of the extraembryonic endoderm. Despite the limited number of speci¬ mens some conclusions can be drawn. The dissolution of the zona pellucida and the differentiation of the endoderm could be accomplished under asynchronous conditions, indicating that these processes do not require synchrony in embryonic and maternal development. In most cases the zona pellucida had disappeared by 2 days after transfer. Only after transfers into non-pregnant/ non-pseudopregnant recipients (Figs 4a, b) did dissolution seem to be delayed. Replacement of the zona pellucida by the neozona (see Denker & Gerdes, 1979) was not found in any of the transfer arrangements studied. Endoderm differentiation also appeared to be slightly retarded in Day-0 and Day-2 uteri but was proved in all experimental groups by the 2nd and 3rd day after transfer (Figs 4c, d) .
The ultrastructure of synchronously transferred embryos did not reveal signs of damage 2 days after transfer (Fig. 5a) , confirming that the transfer manipulation per se had not interfered with further development. In contrast, embryos transferred into asynchronously younger (Fig. 5b) or older uteri (Fig. 5d) showed, besides signs of developmental retardation, distinct signs of degener¬ ation such as detached cells and cell remnants in the perivitelline space and, primarily, in the blastocyst cavity at that time. Ultrastructure was disturbed as indicated by swollen Golgi complex, vacuolated mitochondria with reduced cristae, non-homogeneous ribosome distribution in the cytoplasm and an increase in lysosomal structures. Compared with embryos transferred into less advanced uteri the ultrastructure of those recovered from more advanced uteri was more variable.
Apart from clearly damaged blastocysts others with almost normal ultrastructure were found. Another difference between these groups was noted regarding crystalloid inclusion bodies (Fig. 5c (Chang, 1950 Clear differences in the tolerance against insufficient developmental conditions exist between cleavage stages and blastocysts (Wilmut & Sales, 1981; . The present study confirms differences even between morulae and blastocysts. After asynchronous transfer the rate of degeneration (Table 3 ) was higher and growth and cell proliferation were lower in blastocysts than in morulae. At 3 days after transfer the diameter had increased 10 in former morulae, but only 4 in blastocysts; rises in thymidine incorporation were 38 and 22, respectively. These find¬ ings indicate that the sensitivity towards unphysiological conditions increases during preimplan¬ tation development. Morgan et al (1987) emphasize for the pig that blastocysts must attain a minimal degree of maturity to be able to respond to alterations in the uterine environment. This advancement in development, however, is also linked with a higher vulnerability towards suboptimal milieu conditions.
In the present study unphysiological high numbers of embryos were transferred to the uteri of the recipients (see 'Materials & Methods' ). This approach is valid if preimplantation development is analysed. Adams (1960) showed that overcrowding results in embryonic mortality primarily during the post-implantation period.
A characteristic feature of embryonic preimplantation development seems to be the direct involvement of maternal factors. Blastocyst development could be modulated by the actual uterine environment. After 1 day in an asynchronous uterus, blastocysts adapted to the surrounding milieu, as shown by an increased thymidine incorporation by blastocysts recovered from more advanced uteri and a depressed incorporation in the ones recovered from less advanced uteri (Table  5 ). This finding confirms earlier ones in the sheep (Wilmut & Sales, 1981; . Some aspects merit attention. First, Wilmut et al (1988) reported that the stimulating effect exerted by an asynchronous uterus on retarded sheep embryos was more pronounced than the retarding effect on advanced embryos. Secondly, earlier findings (Wilmut et al, 1985 (Wilmut et al, , 1986 indicated that the enhancement of development caused by exposure to a more advanced uterus may be considered an aberrant development rather than a functional adjustment to the present uterine environment because transfer of such embryos resulted in a high incidence of embryonic mortality. This view is supported by experiments involving the simultaneous transfer of synchronous and asynchro¬ nous embryos (Wilmut & Sales, 1981) . In this arrangement guaranteeing normal luteal function in the recipient sheep, development of the asynchronously transferred embryos failed, demonstrating the insufficiency of an adequate adaptation of embryo development to the changed uterine milieu.
Findings in the rabbit (Beier et al, 1972; Adams, 1973; Beier, 1973 Beier, , 1974 Beier, , 1982 and in the sheep (Lawson & Cahill, 1983; Vincent et al, 1986) showed conclusively that it was not the chronological age but the actual endometrial transformation that must coincide with the developmental stage of the embryo to guarantee further development. In the studies cited the endometrial transformation and secretion had been changed by exogenous steroid hormones. A comparable modulation of maternal uterine transformation and secretion induced by asynchronous embryos does not seem possible. For Fig. 3 ). Apart from other reasons (see Fischer, 1988 ) the loss of co-ordinating maternal stimuli seems to be the major deficiency for in-vitro culture of preimplantation embryos. The asynchro¬ nous uterus may still provide some appropriate stimuli, as the generally better development of asynchronously transferred embryos compared with cultured ones indicates (Fig. 3) . Although the present results give only circumstantial evidence, it seems reasonable to conclude that synchrony is probably generated by a permanent reciprocal interference and cellular modulation of embryonic and maternal development involving exchange of multiple and proper signals.
